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ABSTRACT
The following study was an attempt to compare two methods of proofing,
namely, a toner based method and a film based method, in terms of colorimetric
variation. The study was limited to AE readings taken from five color patches off
a standard test target, the colors being Cyan, Magenta, Yellow, Flesh-Tone,
and Red. AE is a measure of the color difference of a sample from a known
standard.
Thirty proofs were made by each method using the same set of separation films
and colorimetric readings taken from each proof for each of the colors
mentioned above. A statistical comparison was done to test if there was any
difference in terms of color variation between the two systems for each of the
colors mentioned.
It was found that the two systems were consistent with each other in case of the
Magenta, Yellow and Red colors, but were not consistent in case of the Cyan
and Flesh patches. In terms of overall performance for this experiment, it was
found that the film based system performed better in terms of consistency as
compared to the toner based system. However, it should be kept in mind that
only five color patches were tested and in order to come to a more concrete
conclusion, various other tests using a wider spectrum of colors would have to
be conducted.
vm
Chapter 1
Introduction
Proofing is vital to practically all printing. It shows the printer and customer what
the job will look like after printing. Changes can be made, if necessary, before
the job goes to press where expensive press time, paper, and ink can be wasted
if everything is not right. Color proofing is a very important and critical step in the
process of color reproduction as color proofs are made at different stages and
for many diverse uses in the process. There are proofs for customer approval,
proofs for quality control, and proofs for internal communication within a print
shop.
The color proof, which is usually made before the production run for customer
approval, is expected to be a reasonable representation of the printed job so the
customer can determine what modifications, if any, are needed before printing.
When approved, it becomes the guide for pressmen to use during makeready to
derive the OK sheet that is used for checking the printing during the run. If the
proof does not reproduce the printing characteristics of the process, there is the
risk of difficulty in getting the printed job to match the proof, which can result in
long, tedious, expensive corrections on the press, plate remakes, and possibly
job rejection.1
Color proofing has become an important aspect of the printing industry with the
increase in the amount of process color work being demanded by print buyers.
When choosing a proofing system (or just recalibrating your old system) it is
important to realize the purpose of the proof. The proof is a communication tool
that is used by the separator, print buyer, pressman, and in some cases the
bindery, to be used as a representation of the press sheet.2
Proofs are used both as an internal, as well as an external communication tool.
As an internal tool it is used to communicate with various departments to
evaluate the results, as well as a guide and corrective tool. For example, it is
difficult to visualize the subtle changes in the reproduction from the adjustments
made in the scanner for color correction, gradation etc. Once the proof is made,
the scanner operator can evaluate the separations for further corrective
adjustments in the scanner. The proofs provide an objective way to evaluate the
results in a scanner for subsequent corrections. In the same way, the stripper or
the printer can use the proof as a guide to crop, size, and run the set of
separations in a press.
The other function of the proof is more critical in terms of resemblance to the
final printing, when it is shown to the customer to explain how the job is going to
look when it will be printed. In this situation the press proof could have served
the purpose best. However, the cost involved in the stripping, making plates, and
then running all four colors in a press for making a proof is prohibitive,
especially if changes are required at this stage. Press proofs have their
disadvantages too. Since the proof will be done by a slow press run, it may not
look the same as the finished product. However, a prepress proof is an
inexpensive alternative for a press proof to predict for the customer what the
final job will look like. This is the first time the customer sees the result from the
original presented and on the basis of this he approves the separations
produced, perhaps with corrections. As such, a more cautious approach should
be undertaken when these prepress proofs are presented to the customer for
approval.3
Consistency from proof to proof is of the utmost importance. Lack of consistency,
and therefore, lack of accuracy of the proof, is the most common complaint
heard from both printers and customers. The color proofer should never try to
alter the proofing method to make a poor set of separations appear as a good
set of separations. This will only cause problems and expense to the printer
when s/he tries to match the proof on the press.
All prepress proofing methods require quality control procedures. The operator
must strive to standardize the proofing technique.
The only assurance the customer has that the proof will print "like it
looks" is to
have had past experiences and to trust the color proofer's work. The person
making the proofs must use control devices that will insure that each proof is
made to the exact specifications. The proof that is made should assure that the
separations are correct. The proofer has an important responsibility. At the
press, it is too late and too expensive to find that the separations were
incorrectly made and that the final reproduction will not match the proof. The
variables of each proofing system must be understood and controlled.
Regardless of whether it is a press proof or an off-press proof, the exposures, ink
densities, and dot gain will have to be measured and controlled. Exposure
control devices and press control strips should be used during the proofing
process, Then, the finished proof can be evaluated to determine if it was made
correctly.4
When it comes to choosing a proofing system the company's needs, budget,
and customer need must be met. It does no good to have a cheap proofing
system that produces proofs that your customer would never approve. Accuracy,
consistency, quality, cost, and speed are the important characteristics of
proofing
systems.5
Not all color proofing systems require facimile reproduction on the same
substrate with the same inks as the or the same feel as the press print, but to be
useful they must all be consistent so that results can be dependable and
predictable.6
This project seeks to investigate the consistency of two proofing methods
currently being used widely in the industry, namely, toner based methods and
film based methods.
Colorimetry is better suited for measuring press sheets and proofs because it
measures the colorants as the eye sees them, which is more effective than
densitometry when comparing different colorants.7
Chapter 2
Review of the Literature
The hierarchy of color proofing involves a long and arduous series of steps. The
color proofing series starts as a part of the color separation process. Color
proofs are made from the color separation films to determine (1) how closely
they reproduce the original, (2) whether plates made from the films will produce
an acceptable print on the press, and (3) if either or both conditions are not met,
whether corrections can be made in the films to help them satisfy the
requirements, or whether new separations should be made. After the
separations are corrected or remade, a new proof is made, which if it satisfies
the requirements, is shown to the customer for approval.
The Fuji Color Art And MatchPrint systems fall under the category of integral
(single sheet) proofing systems. There are two major types of integral proofing
systems. The first type is a film based system and the other is a toner based
system. These are the most popular off press proofing systems because of their
low cost and good color reproduction. Matchprint and Color Art fall under the
category of film based systems and Dupont's Cromalin is a toner based system.
Match Print II : At Print 85, 3M introduced Matchprint II which produces prints
that look the same whether they are made from negatives or positives of the
same separations. Matchprint II differs from Matchprint in the base sheets used,
and the way the imaging films are transferred to the base sheets. Matchprint
uses pressure sensitive coatings to adhere the color film to the yellow sheet and
the composite of the four color films to the printing substrate. In Matchprint II the
yellow color film is laminated with heat and pressure directly to a special base
sheet, exposed to the appropriate separation film and processed. The sequence
of operations is repeated with each color film until the proof is completed.
Fuii Color Art Proofing System: This is a new transfer type single sheet color
proofing process developed by Fuji Photo Film Co. Ltd and introduced at JP-85
Printing Equipment Exhibition in Japan in March 1985. It consists of individual
pigmented photosensitive films which are exposed and processed and can be
viewed like an overlay proof. The single sheet proof is produced by laminating
the images from each separate film in succession onto a receiving sheet and
from it to the actual printing paper. The final proof is a sandwich of the
pigmented images in the light-hardened photosensitive layers on the actual
printing base. A matte surface can be simulated by casting a matte pattern with a
special matte cover film over the proof. The whole process takes about ten
minutes for a B2 size proof.
Procedure for making Fuji Color Art Proofs: There are five steps for making Fuji
Color Art proofs. These are (1) exposure; (2) processing; (3) transfer of the color
images from the individual films to the receiver base; (4) transfer of the
composite image from the receiver base to the printing paper; and (5) overall
exposure of the laminated sandwich of receiver sheet and printing substrate.
There is a sixth optional step in case a matte surface is desired on the proof.
Exposure: Color separation negatives are exposed in room light emulsion to
emulsion on the Color Art films with the protective films in place. Dot gain can be
controlled by exposure.
Processing: After exposure the protective film is removed and the pigmented
photosensitive coating is processed in an alkaline developer in the Color Art
Processor. The processing removes the unexposed coating leaving the light
hardened pigmented image and the stripping layer on the polyster base. Total
processing time (dry to dry) including developing, masking, and drying is one
minute.
Transfers The protective film is removed from the receiver base. The base is
registered with the black Color Art film and the black image is transferred to the
base with heat and pressure in the Color Art Laminator. The cyan, magenta, and
yellow images are transferred in succession and in that order to the receiver
base in a similar manner.
Transfer II: After all the images are transferred to the receiver base it is
registered with the printing substrate and fed into the laminator where the
composite four images are transferred to the printing substrate.
PostExposure: After transfer an overall exposure is given to the sandwich of the
receiver base and the printing substrate. This exposure hardens the photo
adhesive layer in the receiver base which facilitates removal of the film support
of the receiver base from the proof.
Matte Surface: The surface of the proof is glossy after the base is removed. It
can be converted to a matte finish by casting a matte pattern with a special matte
film to the surface of the proof using the laminator.
The total time to carry out all these steps to produce a Color Art proof is ten
minutes.3
Cromalin proofing systems: jw0 Cromalin color systems, positive and negative,
are produced by Dupont. The processes are relatively simple, consisting of
Cromalin film, dry pigmented toners, a laminator, and toning equipment. A color
proof is prepared by laminating Cromalin film (positive or negative) to a selected
substrate, exposing it in contact with a positive or negative (depending on the
type of Cromalin film used), removing the cover sheet and toning the tacky
image with tbe approriate color toner corresponding to a printing ink. Repeating
the procedure for each process color separation produces a 4-color Cromalin
proof. The materials and equipment used in this process are:
Cromalin Film: Positive Cromalin film consists of a tacky or adhesive
photopolymer layer sandwiched between a protective polypropylene sheet and
8a mylar polyster film base. When the photopolymer layer is exposed through a
film positive, the exposed areas which represent the non image areas harden
and lose their tackiness so they do not accept toner during the toning step. The
unexposed areas, on the other hand, which represent the image areas remain
tacky and accept the toner.
Negative Cromalin film has a construction similar to the positive Cromalin film
except the photopolymer used has a reverse reaction. It is hard and non-tacky
until exposure when the exposed areas soften and become tacky and the
unexposed areas remain hard and non-tacky. When a negative is exposed to
the negative Cromalin film layer the image areas are exposed rendering these
areas on the photopolymer layer tacky so they receive toner and the non-image
areas are not exposed leaving them hard and non-tacky and non-receptive to
the toner.
Toners: The toners are dry colorants (dyes or pigments) which are designed to
adhere to the adhesive (tacky) photopolymer. In positive Cromalin this is the
unexposed area; in negative Cromalin it is the exposed area. Process color
toners are available to match most color process inks. In addition, special
process colors are available that address industry specifications such as SWOP,
and Euroscale inks. Other toners are available which can be blended to
simulate most ink hue and strength requirements. When hand toning, the same
process toners can be used for both positive and negative working Cromalin.
Metallic and fluorescent toners are for positive film only. For machine toning,
special toners have been developed to optimize mechanical toning
characteristics.^
It may be noted from the above literature that film based proofing systems differ
from toner based systems primarily in terms of the materials used to transfer the
image to the base stock and also the process itself. Film based systems use
films which have to be processed in developer fluid to obtain the image areas,
whereas toner based systems use toners to form the image areas on the proof.
A few comparison studies have been done in the past in the area of proofing. A
thesis conducted by Sandra L Fuhs, in 1988, at RIT involved a study of the
subjective difference between soft copy and hard copy proofing where an
electronic test pattern was displayed on a color monitor while the same test
pattern in hard copy form was displayed under industry standard 5000 degree
kelvin lighting. Fifty printing industry users of these proofing methods evaluated
the two proofs using visual assesment and completed a written questionaire
indicating their acceptability of color, detail and sharpness, design and layout,
size and portability in each of the cases. In general, the fifty industry decision
makers found the soft-copy proof to be acceptable for all the variables listed
above when used as a design comp, initial color and/or intermediate proof but
rejected it in all cases when used as the final proof. Soft-copy as a total
replacement for hard-copy proofing was found to be unacceptable because the
majority of those polled stated that a final hard-copy proof was necessary in all
production stages. The savings in cost and time were not enough to offset
traditional expectations of quality, legal proofing responsibility, predictability and
accuracy of size and color. (Wallace Memorial Library, RIT).
Another thesis relevant to proofing was conducted by William F Breakstone in
1990 at RIT where a comparison study was done between the GCA/GATF off
press proof comparator and the GATF standard offset control bar for identifying
when a Cromalin off press proof is prepared to specifications. This thesis was
concerned with the accuracy of both proofing bars using the Dupont Cromalin
system to determine whether one control bar was better for judging whether a
proof was made correctly to SWOP standards. The experiment consisted of a
total sample population of forty experts from four different fields in the graphic
arts industry. Each participant was asked to look at samples of each color bar
and choose which sample was made to SWOP standards. The results were
applied to statistical methods of evaluation to give a final result. The final results
of this thesis support the Graphic Communications Association's claim that the
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Off-Press Proof Comparator was not only more accurate, but also more versatile
for all members of the graphic arts community. (Wallace Memorial Library, RIT).
Measurement of color: Just as there are instruments to measure and units in
which to express physical properties like length, area, volume, or mass, so must
color be measured and expressed in units that permit accurate description and
duplication and the ability to record and communicate it properly. A
densitometer is a convenient instrument for measuring some attributes of color
but color has a number of unique characteristics which cannot be adequately
specified or measured with a densitometer. Densitometers are useful mainly for
comparing colors with identical spectral characteristics. The proper
measurement of color requires other instruments. The process of measuring
color and specifying color matches is called colorimetry, which like color, is a
complicated science involving physics, psychophysics and psychology.1^
Communicating color: One's perception and interpretation of color is highly
subjective and, quite often, very different from someone else's. Eye fatigue, age,
and other physiological factors can influence one's color perception.
To express the color of an object, one person's response will vary from
another's. Each observer will interpret the color based on personal references.
They'll also verbally define the object's color differently.
As a result, it's difficult to objectively communicate a particular color to someone
without some type of standard or mutually agreed upon way of expressing it.
Once this standard is determined, there must be a way to compare one color to
the next with accuracy.
The solution is a measuring instrument that explicitly identifies a color. That is, it
differentiates a color from all others and assigns it a numeric value.
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Ways to measure color: Today, the most commonly used insruments for
measuring color are spectrophotometers, colorimeters, and densitometers.
While all three types of instruments measure reflected or transmitted light, a
spectrophotometer measures light at many points on the visual spectrum which
results in a curve.
A colorimeter (tristimulus), on the other hand, measures light much like the
human eye using red, green, and blue receptors.
A densitometer is similar to a colorimeter except that its responses are designed
for measuring specific materials such as printing inks and photographic dyes.
Attributes of color: Each color has it's own distinct appearance, based on three
elements: Hue. Value. Chroma. By describing a color using these three
attributes, you can accurately identify a particular color and distinguish it from
any other.
Hue: When asked to identify the color of an object, you'll most likely speak first
of it's hue. Quite simply, HUE is how we perceive an object's color.
Value: The second characteristic of color describes it's luminous intensity-that
is, it's degree of "lightness". Colors can be classified as light or dark colors when
comparing the VALUE. For example, when placing a tomato and radish side-by-
side the red of the tomato appears to be much lighter. In contrast, the radish has
a darker red value
Chroma: The vividness or dullness of a color describes its CHROMA. Again
comparing the tomato and radish, the red of the tomato is much more vivid; the
radish appears duller. In other words, chroma indicates how close the color is
either to gray or the pure hue. This color attribute is also referred to as
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"saturation".
Expressing colors numerically: CIELAB and CIELUV
To overcome the limitations of chromaciticity diagrams like x, y, and u', v', the
CIE recommended two alternative, uniform scales: CIE 1976 (L* a* b*) or
CIELAB and the CIE 1976 (L* u* v*) or CIELUV (pronounced L-star, a-star, b-star
and L-star, u-star, v-star, respectively).
These color scales are based on the opponent-colors theory of color vision that
states: a color cannot be both green and red at the same time, nor blue and
yellow at the same time. As a result, single values can be used to describe the
red/green and the yellow/blue attributes.
When a color is expressed in CIELAB, L* defines lightness, a* denotes the
red/green value and
b* the yellow/blue value. Similarly in CIELUV, L* is
lightness, u* is red/green and v* is yellow/blue.
In the color plotting diagrams for
L* a* b*, the a* axis runs from left to right. A
color measurement movement in the -a direction depicts a shift toward green; a
+a movement depicts a shift towards red. Along the b* axis, -b movement
represents a shift towards blue; +b shows a shift towards yellow. The center
L*
axis shows L=100 (white or total reflection) at the top and L=0 (black or total
absorption) at the bottom. At the center of this plane is neutral, or gray.
Delta CIELAB and CIELUV: Assesment of color is more than a numeric
expression. Usually, it's an assesment of the color match or color difference from
a known standard. CIELAB and CIELUV are intended to be used for comparing
the colors of two objects. The expression for these color differences are
AL* Aa*
Ab*
and
AL* Au* Av* (A symbolizes "delta", which indicates difference).
Given AL* Aa* Ab*, the total difference or distance on the CIELAB diagram can
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be stated as a single value, known as AE*.11
AE*
ab
= [(AL*2) + (Aa*2) + (Ab*2)]1/2
AE*UV = [(AL*2) + (Au*2) + (Av*2)]1/2
The question, "How much color difference is perceptually acceptable in color
printing?", is often raised. The following table gives an indication of this;
AE PERCEPTION INTERPRETATION
<1 No difference Excellent Match
1-2 Just noticeable Good Match
4-6 Noticeable Fair Match
>9 Strong Difference Poor Match
14
Chapter 3
The Hypothesis
Introduction
The literature review has indicated two different methods of proofing, namely the
toner based method and the film based method. As mentioned earlier, proofs
made by these two methods differ mainly in terms of the materials used to
transfer the image to the base stock and the process itself. In the toner based
system a color proof is prepared by exposing a laminated substrate through the
separation films, and in a subsequent step, applying toners to the image areas,
either manually, or by using an automatic toning machine. The film based
systems on the other hand use pre-manufactured films to transfer the image
areas onto the base stock.
Research Question
Do proofs made repeatedly by the two methods differ in terms of colorimetric
consistency? Does the method of applying toners to make a proof make any
difference in terms of color variation as opposed to using standard
manufactured film emulsions to make the same proofs using the same set of four
color separations? These questions lead to the following null hypothesis.
Hypothesis
There is no significant difference between a toner based proofing method and a
film based proofing method in terms of color variation, (alpha = 0.05).
Limitations
1. The environment and temperature conditions in the proofing lab are
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assumed to be controlled.
2. Materials used for making the proofs are assumed to be consistent in quality.
These include transfer films, reciever bases, base stocks, toners, etc.
Delimitations
1. Only one set of separation films is being used for the study.
2. Only five color patches are being used for colorimetric analysis of the
proofs.The study is limited to these colors only and does not take into account
any other colors which also could be used.
3. The scope of this study is limited only to the two proofing methods in question.
This does not extend to various other proofing methods currently
available.
4. Positive films will be used for making the proofs. The study does not include
negative films and negative proofing systems.
16
Chapter 4
Methodology
1. Materials:
1.1. Test target with different color patches.
1 .2. Four positive separation films of the test target.
1 .3. Developer for film based system.
1 .4. Toners for toner based system.
1 .5. Transfer films for film based system.
1.6. Base stock for making proofs (Commercial stock was used).
2. Equipment:
2.1. DS 608 Scanner for making the set of separation films.
2.2. Exposure frames for exposing purposes while making proofs.
2.3. Laminators for both methods.
2.4. Film processor for developing exposed films in film based method.
2.5. Toning Machine for application of toners in toner based method.
2.6. An X-Rite spectrodensitometer (938) to obtain L*, a*, b* readings.
2.7. X-Rite Spectrostart software program and printer for obtaining hard
copy of data read from the spectrodensitometer.
2.8. Macintosh II CX computer and Excel software (Ver 3.0) for statistical
graphs.
2.9. Minitab software (Macintosh Accelerated Version 8.2) for obtaining
statistical data.
3. Experimental Procedures:
3.1. A set of C,M,Y,K separations were generated on the DS 608
Scanner from the original test target.
3.2. Thirty proofs were made over several days by each of the methods in
question, namely, using toners and films respectively, with a gap of at
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least five hours between making proofs. A total of sixty proofs were
generated. The color sequence used was MYCK, bottom to top. The
same set of separation films was used for making proofs by both
methods. Temperature and humidity readings were taken each time
the proofs were made. There was not much variation in these
readings.
3.3. L*, a*, b* and AE readings were taken from five different color
patches on each proof. The colors chosen were Cyan, Magenta
Yellow, Red and Flesh Tone. A random sample from within the thirty
proofs of each set was used as a reference for calculating AE for
each color. (Appendix A).
Data analysis methods used:
In practice, the person conducting the hypothesis testing specifies the maximum
allowable probability of making a Type I error, called the level of significance for
the test. Common choices for the level of significance are .05 and .01. If the
probability of making a type I error is controlled by selecting a low value for the
level of significance, we have a high degree of confidence that the decision to
reject the null hypothesis is correct. In such cases we have statistical support to
conclude that the null hypothesis is false and the alternate hypothesis is true.
Any action suggested by the alternate hypothesis is appropriate.12
Thet-test: is a statistical inference test used for hypothesis testing in the case of
small sample sizes (a sample size greater than thirty or higher being considered
larger). The t-distribution is actually a family of similar probability distributions.
Each specific t-distribution depends upon a parameter known as its degrees of
freedom. There is a unique t-distribution with one degrees of freedom; a unique
t-distribution with two degrees of freedom; a unique t-distribution with three
degrees of freedom and so on. The critical t-value, for a given level of
confidence and particular degrees of freedom, for testing a hypothesis is
obtained from a t-distribution table (Anderson, Sweeney, and Williams,
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Statististics Concepts and Applications, p 323). The calculated t-valuesior
testing a hypothesis can be obtained directly from software programs like
Minitab Ver 8.2. A comparison is done between the calculated t-values and the
critical t-values to either accept or reject the null hypothesis.
For the purpose of this study, the null hypothesis may be stated in the form,
0. U- fj|m based system(color)
= M-toner based system(color)
where u. indicates the mean of the AE values of the samples used for a specified
color and method of proofing. The null hypothesis stated above reflects a
situation where the mean AE value of proofs made by the film based method will
equal the mean AE value of proofs made by the toner based method, in which
case the two systems would be considered the same in terms of consistency of
AE values. If the null hypothesis is rejected, then we assume that there is no
correlation between the two means, in other words there is a significant
difference in consistency between the two methods in terms of AE.
The key to establishing a decision rule is to specify the allowable probability of
making a type I error. That is, under the assumption that the null hypothesis is
true, the designer of the hypothesis test must specify an allowable probability of
making an error of incorrectly rejecting the null hypothesis. This probability of
type I error, denoted by alpha, is referred to as the level of significance for the
test.
In a two-tailed t-test (which was used for this study), a 0.05 alpha level indicates
that 95% of the t-values correspond to an "accept H0
" decision in the
distribution. Thus the test is being designed with a 0.05 probability of making a
type 1 error, and the desired level of significance of alpha = 0.05 is being
satisfied. Whenever a hypothesis test has rejection regions in both tails of a
distribution, the hypothesis test is referred to as a two tailed t-test. Regardless of
the value specified for the level of significance (alpha), each tail in a two-tailed t-
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test has a rejection region, or probability of alpha/2.1 3
3.4. AE readings of each color patch for both methods were used to
obtain the calculated t-values using Minitab software, version 8.2.
(Appendix B).
3.5. Line graphs were generated (visual analysis) for L*, a*,
b*
and AE
readings of each color set for the toner system (Appendix C) and the
film based system (Appendix D).
3.6. A two-sample t-test was used to test the hypothesis for the five
different colors by comparing the calculated t-valueswith the critical
t-value, the latter of which was obtained from the t-distribution tables.
3.7. An additional hypothesis test was done using the F distribution
values to test the correlation of variance between the two systems.
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Chapter 5
Results and Conclusions
The original hypothesis was stated as "There is no significant difference
between a toner based proofing method and a film based proofing method in
terms of color variation, (alpha = 0.05). This was tested for each of the five colors
under study, namely, Cyan, Magenta, Yellow, Flesh-Tone, and Red. A two-
sample t-testwas carried out by using the AE values for each of the colors, and a
comparison made between the two methods. A general description of a t-test
analysis is given in chapter 4 of this thesis.
The total sample size was 29 for this study. The reference for calculating the AE
values for each of the colors was picked from within the thirty samples taken in
each group.
A total of five hypotheses were tested because there were five color patches
under study.
Mean AE (Ton) Mean AE (Film) Calculated "t"
value
cyan 1.643 2.248
_3.23
magenta 1.441 1.333 0.74
yellow 2.06 0.84 1.65
flesh 1.228 0.601 5.62
red 1.21 1.286
These calculated t-values are compared to the critical t-value to test each of the
hypotheses. The critical t-value as mentioned in Chapter 4, is obtained from the
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t-distribution table available in most statistics books (Anderson, Sweeney, and
Williams, Statistics Concepts and Applications. p323). The given levels of
confidence and degrees of freedom have to be taken into consideration while
obtaining this value from the t-distribution table.
With 28 degrees of freedom (total sample size = 29), from the t-distribution
tables, the critical t-value for this test was found to be 2.005. In symbolic terms
1 05 = 2.005
The subscript 0.05 indicates the level of confidence chosen.
For the Cyan patch the calculated t-value was found to be -3.23. The null
hypothesis for cyan patch may be indicated as follows:
"0" M-film(cyan) = M-toner(cyan)
However, the critical t-value as mentioned earlier is 2.005. In other words the
null hypothesis would have been accepted if the calculated t-value fell between
+/- 2.005, since a two-tailed t-test is being used for this study. However, the
calculated t-value does not fall within the range. Hence we can conclude that
the null hypothesis should be rejected. Which means there is a significant
difference in consistency in terms of mean AE values between the two methods
of proofing for Cyan.
Applying the same analysis to the other colors, the second null hypothesis for
the Magenta patch may be stated as HQ : Ufi)m (magenta) = honer (magenta).
The calculated t-value for the magenta patch was found to be 0.74. In this case it
is found that the calculated t-value falls within the range of the critical t-values.
Hence, the null hypothesis is accepted. Which means that there is no significant
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difference in terms of mean AE values for the magenta patch between the two
methods of proofing. That is, both the methods are colorimetrically behaving the
same in case of the Magenta color with respect to proofs made by the respective
methods.
Similarly, for the Yellow patch the null hypothesis H0 : u.film (yenow) = ^oner (yeiiow)
is accepted as the calculated t-value 1.65 falls within the range of the critical
values +/-2.005. Hence this implies that there is no difference in terms of color
consistency between the film based method of proofing and the toner based
method of proofing in terms of mean AE values for the yellow patch.
For the Flesh patch however, the null hypothesis H0: msim(fiesh) = ^ toner(fiesh) is
again rejected as the calculated t-value in this case was found to be 5.62 which
does not fall within the range of the critical t-values. This means that there is a
significant difference in terms of color consistency in terms of mean AE values
between the two methods when considering the flesh color.
Finally, for the red patch the null hypothesis H0: miim(red) = Mioner(red) is accepted
again as the calculated t-value for the red patch, -0.17, falls between the range
of +/- 2.005 which are the critical t-values. There is no significant difference in
terms of mean AE values for the red patch between the two methods of proofing.
It may be summarized from the above analysis that from the five color patches
chosen for the study, the two methods of proofing in question were reproducing
proofs without much difference in variation in terms of AE in case of the
magenta, yellow, and the red patches. In other words, the colorimetric difference
between proofs made on the toner based system was close to the colorimetric
difference between proofs made on the film based system for these three colors.
There was however a significant colorimetric difference between proofs made
on the toner system as compared to proofs made on the film based system for
readings taken from the cyan and flesh patches.
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It may be seen from appendix B1 that the yellow patch shows a high mean AE
value of 2.06. However, this is due to a high AE value for sample 16 which might
be an error in the reading taken or could have arisen for some other reason.
However, if this particular sample is ignored and the average of all the
remaining 28 samples are taken, a mean AE value of 1.39 is obtained for the
yellow toner patch which is a more accurate value. A similar correction could
also be made for the red patch where a AE value of 12.48 is seen for sample 16
again. If this sample is ignored again, an average AE value of 0.80 is obtained
for the red toner patch.
A consolidated table of the raw mean AE values for the two systems with the
corrected values is shown below :
MEAN AE VALUES
TONER FILM
Which performed
better
CYAN 1.64 2.25 Toner
MAGENTA 1.44 1.33 Film
YELLOW 1.39 0.84 Film
FLESH 1.23 0.60 Film
RED 0.80 1.29 Toner
From the above table, it may be interpreted that for the purpose of this
experiment the film based system performed better than the toner based system
and proved to have less colorimetric variation on the whole as compared to the
toner based system. However, it may be reinforced that this experiment was
limited to five color patches only and to arrive at a more positive conclusion,
further experiments using more number of color patches would have to be
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carried out.
From the graphs in appendix C and appendix D, it may be seen that the film
based system exhibited a higher L* or lightness value in case of all the colors.
Visually, the proofs made by this method were much lighter in color as
compared to proofs made by the toner based system. The toners used for
making the proofs may be having a richer and darker hue as compared to the
films, resulting in the difference in lightness value. This is a relevant point to note
when evaluating proofs made by these two methods.
Considering the a*b* values for the five colors tested, the following indications
can be observed for each of the colors;
Cyan: a* graphs indicate a greater shift towards green for the film based system
as compared to the toner based system whereas the b* values are quite close to
each other. The AE values are much higher in a majority of the film based
samples as compared to the toner based samples.
Magenta: In this case, the sample values in both cases are quite close to each
other in the case of both the a* values as well as the
b*
values. There is not
much difference in the trend of the AE values also.
Yellow: This seemed to be the most stable of all the colors as indicated by the
L*a*b*
graphs for both the systems. In the AE graph for the toner based system
one value of 20.71 is found out of range, which might have been caused due to
some experimental error. However, if this is ignored the trend in both systems for
the yellow patch seem to be very stable and close to each other.
Flesh: As the graphs indicate, this has the greatest variation both within each
system and between both systems in terms of the
L*a*b*
values as well as the
AE values.
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Red: The trends in the red patch values also are quite stable across each
system, except for the AE values of 12.48 and 4.25 in the toner and film based
systems respectively which may again be due to experimental errors.
An additional hypothesis test based on an "F distribution" was carried out to
compare the variances of the two populations represented by the film and toner
based systems.Whenever independent simple random samples of sizes n1 and
n2 are selected from normally distributed populations with equal variances, the
ratio F=si2/s22 has an F distribution with n1-1 degrees of freedom for the
numerator and n2-1 degrees of freedom for the denominator, where si2 is the
sample variance for the random sample of n1 items from population 1 and S22 is
the sample variance for the random sample of n2 items from population 2.
Hypothesis tests about the variances of the two populations are based on the
calculated F value of si2/s22- The rejection rule is based on the F value in a
manner similar to how the t values have been used in the previous hypothesis
testing procedure. The null hypothesis in this case is stated in the form
H0:O~
(toner)
=
a~
(film)
The F distribution value with n1-1=28 degrees of freedom and n2-1=28 degrees
of freedom was found to be 2.10 from the F 025 distribution table (Anderson.
Sweeney, and Williams. p672). This is the upper limit. The lower limit is
obtained from the inverse relationship of F 025. which is 0.476.
Thus the rejection rule for the hypothesis test is, reject H0 if
F(calculated) < 0.476 or if F(calculated) > 2.10
The following table gives the sample variances s-\ and S2 for the toner and film
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based systems respectively and also the calculated F values for each of the
colors tested.
s1(toner) s2(film) F = s12/s22
cyan 0.488 0.883 0.305
magenta 0.676 0.419 2.60
yellow 3.70 1.58 5.48
flesh 0.50 0.334 2.24
red 2.19 0.911 5.79
It may be observed that the calculated F values for all five color patches are
either less than 0.476 or greater than 2.10. Hence, the hypothesis H0 is rejected
in all cases. It may be inferred from this that the two systems of proofing differ
significantly in terms of AE variance for all five colors tested.
This however should not not be confused with the t-test where the mean AE
values were taken into consideration.
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APPENDIX A
The L*, a*, b*, and AE values of cyan, magenta, yellow, flesh and red patches of
samples
A1 - DATA SHEET FOR CYAN PATCH - TONER SYSTEM
27
;
L*
|
a* b*
AE
i 41.36 -12.65 -35.77 1.37
41.06 -12.46 -35.91 1.20
! 39.85i -13.23 -36.44 0.45
41.01 -12.92 -35.83 0.97
j 40.96 -12.45 -35.87 1.16
40.30 -13.24 -36.40 0.00
40.16 -12.39 -35.63 1.15
41.21 -14.10 -38.35 2.33
40.06 -14.61 -37.05 1.54
! 38.36 -13.36 -36.36 1.95
38.39 -13.38 -36.36 1.92
37.80 -13.58 -36.62 2.54
i 38.20 -13.52 -36.78 2.15
| 37.94 -13.33 -36.51 2.37
i 38.04 -13.33 -36.28 2.27
39.40 -14.28 -38.42 2.45
i 38.40 -12.77 -37.10 2.08
i 38.49 -13.40 -36.48 1.81
38.87 -13.17 -36.61 1.45
38.55 -13.44 -36.29 1.76
38.65 -13.16 -36.15 1.67
39.16 -13.04 -36.45 1.16
38.85 -13.08 -36.50 1.46
38.91 -13.08 -36.26 1.40
38.85 -13.30 -36.65 1.47
38.84 -13.58 -36.49 1.50
38.68j -13.15 -36.21 1.64
38.80 -12.81 -36.25 1.57
39.08 -13.63 -36.90 1.38
39.00 -12.56 -36.34 1.47
Mean Values! 39.24 -13.23 -36.51 1.64
A2 - DATA SHEET FOR MAGENTA PATCH - TONER SYSTEM
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L* a* b*
AE
47.34 51.93 -12.13 0.74
47.62 51.67 -12.03 1.02
46.70 52.47 -11.63 0.28
47.57 52.15 -12.01 0.78
47.53 52.51 -11.73 0.69
! 46.89 52.26 -11.65 0.00
46.15 53.66 -11.05 1.69
47.49 53.99 -11.74 1.84
46.31 52.38 -11.99 0.68
45.33 52.66 L -11.02 1.73
46.45 54.04 -10.04 2.44
45.20 52.69 -11.30 1.78
45.25 53.00 -10.80 1.99
45.32 52.62 -11.10 1.70
45.48 52.64 -11.19 1.53
45.33 55.13 -10.49 3.46
45.54 53.24 -11.02 1.77
45.61 52.49 -11.66 1.29
45.87 52.13 -11.51 1.04
45.83 52.62 -11.30 1.17
46.40 54.34 -9.78 2.84
46.16 L 52.53 -11.33 0.84
45.93 52.51 -11.38 1.03
45.77 52.72 -11.29 1.26
45.90 52.66 -11.24 1.14
45.62 52.53 -11.27 1.35
45.86 53.09 -11.03 1.46
45.40 52.96 -11.12 1.73
45.94 52.28 -11.48 0.96
45.81 53.19 -10.99 1.57
Mean Values 46.12 52.84 -11.28 1.44
A3 - DATA SHEET FOR YELLOW PATCH - TONER SYSTEM
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L* a* b*
AE
77.00 -4.23 59.52 0.95
77.18 -3.74 59.95 0.59
76.23 -3.06 60.27 0.88
76.89 -3.76 59.91 0.43
! 78.14 -3.95 60.51 1.45
! 76.71 -3.80 60.31 0.00
76.74 -3.53 58.94 1.40
77.90 -3.68 62.23 2.26
78.71 -6.95 63.52 4.93
76.09 -2.99 61.39 1.48
76.28 -2.79 61.86 1.90
76.93 -3.05 62.27 2.10
76.82 -3.07 62.92 2.71
76.23 -3.42 61.95 1.75
75.50 -3.09 60.72 1.45
87.49 -2.67 77.95 20.71
75.59 -3.01 60.69 1.42
75.74 -3.15 61.04 1.38
75.96 -3.26 60.93 1.11
75.66 -3.25 60.43 1.19
76.94 -2.92 62.37 2.25
75.58 -3.13 59.94 1.36
76.38 -3.35 60.92 0.83
76.33 -3.37 61.31 1.15
76.27 -3.60 60.87 0.74
76.24 -3.46 60.72 0.71
76.50 -3.14 61.09 1.05
76.40 -3.36 60.51 0.57
76.40 -3.50 60.35 0.43
76.76 -3.12 60.33 0.68
Mean Values 76.92 -3.45 61.52 2.06
A4 - DATA SHEET FOR FLESH PATCH - TONER SYSTEM
! L* a* b* I AE
60.54 23.77 12.96 1.40
60.19 22.92 12.54 0.64
59.38 22.59 12.60 0.49
60.17 22.38 12.81 0.48
| 60.26 22.47 12.28 0.81
59.76 22.61 12.90 0.00
59.24 23.69 12.42 1.29
59.73 22.79 12.94 0.19
59.43 23.11 12.81 0.61
58.67 23.39 13.61 1.52
59.06 22.81 13.17 0.78
58.28 22.84 12.88 1.50
[ 58.29 23.67 12.85 1.82
; 58.32 22.70 13.11 1.46
58.53 23.62 13.96 1.91
58.55 24.04 14.92 2.76
58.44 23.10 13.47 1.52
58.76 22.89 13.40 1.15
! 58.64 22.22 13.00 1.20
58.64 23.24 12.92 1.29
58.61 23.08 13.22 1.29
58.77 22.84 12.91 1.02
58.97 23.53 12.86 1.22
58.68 22.92 13.42 1.24
! 58.57 23.23 13.26 1.39
58.67 23.10 13.24 1.24
58.69 23.19 12.66 1.24
58.41 23.20 12.95 1.48
58.59 22.80 12.89 1.19
58.71 23.60 13.15 1.47
Mean Values 58.99 23.08 13.07 1.23
A5 - DATA SHEET FOR RED PATCH - TONER SYSTEM
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L* a* b*
AE
36.25 39.59 12.82 1.25
36.23 38.65 12.89 0.97
| 35.10 38.81 12.67 0.29
I 36.09 38.63 12.87 0.84
| 36.23 38.61 12.55 0.90
i 35.34 38.79 12.52 0.00
35.02 40.09 11.78 1.53
35.55 38.82 12.86 0.40
35.19 38.87 12.63 0.21
34.58 38.63 12.80 0.83
34.74 38.83 13.19 0.91
34.42 38.58 12.84 1.01
35.04 39.64 13.68 1.47
34.78 38.78 13.24 0.92
34.64 38.52 13.02 0.91
38.80 47.54 20.71 12.48
34.84 39.05 13.44 1.08
i 34.65 38.44 13.01 0.92
| 35.15 38.27 13.30 0.96
! 34.76 38.92 12.94 0.73
34.86 34.82 13.34 0.96
35.11 38.68 13.00 0.55
34.96 38.52 12.79 0.55
34.90 38.44 13.02 0.76
34.86 38.84 12.67 0.51
34.70 38.90 12.80 0.71
34.85 38.97 12.75 0.58
34.71 39.01 12.77 0.72
34.67 38.55 12.38 0.73
35.11 39.01 12.70 0.38
Mean Values 35.20 38.99 13.13 1.21
A6 - DATA SHEET FOR CYAN PATCH - FILM BASED SYSTEM
L* a* b*
AE
48.28 -20.58 -36.79 0.96
48.08 -21.99 -35.04 2.68
| 48.15 -21.81 -35.27 2.41
! 48.27 -22.22 -35.32 2.61
! 48.20 -21.47 -35.86 1.79
i 47.74 -21.07 -35.71 1.67
48.57 -22.11 -35.19 2.76
47.13 -21.81 -35.20 2.41
46.24 -21.28 -35.52 2.26
43.27 -20.20 -33.14 5.97
47.12 -21.59 -35.20 2.32
47.06 -21.68 -35.29 2.28
47.30 -22.35 -35.35 2.56
I 47.28 -22.19 -35.27 2.53
47.24 -22.19 -35.58 2.29
47.49 -20.73 -37.32 0.00
47.84 -22.47 -35.09 2.86
47.73 -22.21 -35.08 2.70
47.60 -21.81 -35.50 2.13
! 47.42 -21.15 -35.68 1.70
: 47.55 -21.77 -35.48 2.12
47.73 -21.77 -35.18 2.40
47.51 -22.13 -35.61 2.22
i 47.76 -21.64 -35.67 1.91
47.85 -21.82 -35.51 2.15
47.80 -21.33 -35.86 1.61
47.82 -21.50 -35.45 2.06
47.40 -21.66 -35.74 1.84
47.38 -21.05 -36.09 1.28
47.56 -20.04 -37.19 0.71
Mean Values 49.12 -22.33 -36.76 2.25
A7 - DATA SHEET FOR MAGENTA PATCH - FILM BASED SYSTEM
33
L* a* b* AE
52.01 51.44 -9.40 0.99
52.07 50.97 -8.61 1.72
52.33 50.91 -8.84 1.54
52.39 50.86 -9.11 1.31
52.62 51.05 -9.68 0.94
52.15 51.26 -8.88 1.46
52.20 51.31 -8.82 1.53
51.16 51.19 -9.19 1.36
50.73 51.41 -8.22 2.43
50.99 51.57 -8.28 2.29
5*1.67 50.91 -8.89 1.46
51.60 51.06 -8.91 1.44
51.82 50.74 -9.07 1.29
51.62 51.05 -9.01 1.34
51.60 50.94 -8.93 1.43
51.92 51.09 -10.31 0.00
51.86 50.92 -8.71 1.62
51.87 50.67 -8.94 1.44
51.83 51.07 -9.21 1.10
51.74 51.47 -8.83 1.54
51.70 50.90 -8.96 1.38
51.67 51.22 -8.72 1.61
51.72 50.92 -9.17 1.17
51.80 51.00 -9.26 1.06
52.07 51.05 -9.52 0.80
51.83 51.09 -9.74 0.58
52.16 51.18 -9.08 1.26
51.73 51.28 -9.08 1.27
51.75 51.43 -9.58 0.83
51.99 51.52 -10.18 0.46
Mean Values 53.61 52.88 -9.42 1.33
A8 - DATA SHEET FOR YELLOW PATCH - FILM BASED SYSTEM
L* a* b*
AE
82.38 -5.35 70.31 0.92
82.62 -5.64 70.83 0.64
82.45 -5.84 71.26 0.51
82.62 -5.92 71.10 0.58
! 82.60 -5.84 70.45 0.75
i 82.46 -5.70 71.58 0.77
83.62 -5.52 72.69 2.36
81.22 -5.70 71.26 0.91
81.80 -5.95 72.33 1.40
87.02 -5.88 78.08 8.69
82.00 -5.89 71.15 0.21
81.99 -5.97 71.37 0.42
82.13 -5.95 70.90 0.10
82.10 -5.98 71.51 0.56
82.06 -5.97 71.22 0.27
82.05 -5.91 70.96 0.00
82.19 -5.97 71.54 0.60
82.24 -6.00 71.71 0.78
82.14 -5.84 71.40 0.46
82.32 -5.87 71.56 0.66
82.04 -6.03 70.94 0.11
82.20 -5.97 71.33 0.40
82.09 -5.87 71.47 0.52
82.17 -5.92 71.09 0.17
82.17 -5.93 70.86 0.16
81.99 -5.85 71.14 0.20
82.20 -5.91 71.12 0.22
82.33 -5.99 71.14 0.34
82.11 -5.90 71.02 0.09
82.03 -5.65 71.32 0.45
Mean Values 85.22 -6.06 73.95 0.84
A9 - DATA SHEET FOR FLESH PATCH - FILM BASED SYSTEM
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L* a* b*
AE
67.65 18.06 17.51 0.90
67.82 17.87 18.22 0.94
68.06 17.04 18.18 0.82
67.89 17.22 18.15 0.66
68.22 17.03 17.39 0.87
67.73 17.60 18.18 0.71
67.98 17.88 18.02 0.94
66.47 17.25 18.35 1.16
66.41 17.88 18.45 1.44
66.66 17.84 18.28 1.16
67.33 17.48 18.40 0.77
67.03 17.52 18.02 0.60
67.44 16.88 18.07 0.50
! 67.44 17.16 17.96 0.28
S 67.22 17.34 17.93 0.34
67.42 17.20 17.69 0.00
67.56 17.03 17.94 0.34
67.41 17.08 18.46 0.78
! 67.55 17.30 18.16 0.50
67.59 17.74 17.98 0.63
67.32 17.12 17.87 0.22
67.46 17.32 17.96 0.30
I 67.34 17.02 18.09 0.45
i 67.40 17.16 17.98 0.29
67.13 17.55
1
17.63 0.46
| 67.37 17.38 17.60 0.20
67.69 17.54 17.67 0.44
67.51 17.16 17.68 0.10
67.31 17.34 17.76 0.19
67.48 17.62 17.76 0.43
Mean Values 69.75 17.99 18.60 0.60
A10 - DATA SHEET FOR RED PATCH - FILM BASED SYSTEM
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L* a* b* AE
38.32 50.47 26.55 3.25
38.33 50.82 27.38 3.81
38.96 48.12 27.21 1.46
39.11 48.15 26.96 1.32
39.36 47.93 26.67 1.10
38.78 48.34 27.23 1.60
39.28 48.24 27.04 1.49
38.06 46.78 26.65 1.06
37.58 47.15 26.96 1.51
40.22 50.25 28.70 4.25
38.44 47.75 26.78 0.94
38.32 47.58 26.76 0.90
38.40 47.66 26.58 0.75
38.53 47.55 26.86 0.91
38.61 47.58 26.74 0.79
38.76 47.29 26.03 0.00
38.47 47.92 26.85 1.07
38.37 47.62 26.92 1.03
38.53 47.79 26.78 0.94
38.69 47.99 26.93 1.14
38.49 47.62 26.47 0.61
38.67 47.80 26.87 1.00
38.52 47.55 26.70 0.77
38.67 47.75 26.78 0.89
38.67 47.66 26.59 0.68
38.57 47.60 26.45 0.57
38.86 47.99 26.87 1.11
38.66 47.74 26.44 0.62
38.55 47.74 26.58 0.75
38.72 47.84 26.83 0.97
Mean Values 38.65 48.01 26.84 1.29
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APPENDIX B
AE Values of toner and film based systems
B1 - AE VALUES OF TONER BASED SYSTEM
38
SAMPLE #
1
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
MEAN A E
CYAN
1.37
1.20
0.45
0.97
1.16
0.00
1.15
2.33
1.54
1.95
1.92
2.54
2.15
2.37
2.27
2.45
2.08
1.81
1.45
1.76
1.67
1.16
1.46
1.40
1.47
1.50
1.64
1.57
1.38
1.47
1.64
MAGENTA
0.74
1.02
0.28
0.78
0.69
0.00
1.69
1.84
0.68
1.73
2.44
'
1.78
1.99
1.70
1.53
3.46
1.77
1.29
1.04
1.17
2.84
0.84
1.03
1.26
1.14
1.35
1.46
1.73
0.96
1.57
1.44
YELLOW
0.95
0.59
0.88
0.43
1.45
0.00
1.40
2.26
4.93
1.48
1.90
2.10
2.71
1.75
1.45
20.71
1.42
1.38
1.11
1.19
2.25
1.36
0.83
1.15
0.74
0.71
1.05
0.57
0.43
0.68
2.06
FLESH
1.40
0.64
0.49
0.48
0.81
0.00
1.29
0.19
0.61
1.52
0.78
1.50
1.82
1.46
1.91
2.76
1.52
1.15
1.20
1.29
1.29
1.02
1.22
1.24
1.39
1.24
1.24
1.48
1.19
1.47
1.23
RED
1.25
0.97
0.29
0.84
0.90
0.00
1.53
0.40
0.21
0.83
0.91
1.01
1.47
0.92
0.91
12.48
1.08
0.92
0.96
0.73
0.96
0.55
0.55
0.76
0.51
0.71
0.58
0.72
0.73
0.38
1.21
B2 - AE VALUES OF FILM BASED SYSTEM
SAMPLE # CYAN MAGENTA YELLOW FLESH RED
1 0.96 0.99 0.92 0.90 3.25
2 2.68 1.72 0.64 0.94 3.81
3 2.41 1.54 0.51 0.82 1.46
4 2.61 1.31 0.58 0.66 1.32
5 1.79 0.94 0.75 0.87 1.10
6 1.67 1.46 0.77 0.71 1.60
7 2.76 1.53 2.36 0.94 1.49
8 2.41 1.36 0.91 1.16 1.06
9 2.26 2.43 1.40 1.44 1.51
10 5.97 2.29 8.69 1.16 4.25
11 2.32 1.46 0.21 0.77 0.94
12 2.28 1.44 0.42 0.60 0.90
13 2.56 1.29 0.10 0.50 0.75
14 2.53 1.34 0.56 0.28 0.91
15 2.29 1.43 0.27 0.34 0.79
16 0.00 0.00 0.00 0.00 0.00
17 2.86 1.62 0.60 0.34 1.07
18 2.70 1.44 0.78 0.78 1.03
19 2.13 1.10 0.46 0.50 0.94
20 1.70 1.54 0.66 0.63 1.14
21 2.12 1.38 0.11 0.22 0.61
22 2.40 1.61 0.40 0.30 1.00
23 2.22 1.17 0.52 0.45 0.77
24 1.91 1.06 0.17 0.29 0.89
25 2.15^ 0.80 0.16 0.46 0.68
26 1.61 0.58 0.20 0.20 0.57
27 2.06 1.26 0.22 0.44 1.11
28 1.84 1.27 0.34 0.10 0.62
29 1.28 0.83 0.09 0.19 0.75
30 0.71 0.46 0.45 0.43 0.97
MEANAE 2.25 1.33 0.84 0.60 1.29
40
APPENDIX C
L* a* b*, AE - Line graphs for toner based method
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APPENDIX D
L* a* b*, AE - Line graphs for film based method
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